Smoke exposure and ethanol ingestion modulate intrapulmonary polymorphonuclear leukocyte killing, but not recruitment or phagocytosis.
People who smoke and abuse alcohol are uniquely susceptible to pulmonary infections caused by Streptococcus pneumoniae, the pneumococcus. The primary cellular defense against pneumococci within the lungs is the polymorphonuclear leukocyte (PMN). Cigarette smoke and ethanol (EtOH) are known to alter certain PMN functions, but little is known about their concurrent effects. Male Sprague-Dawley rats were exposed twice daily for 8 weeks to cigarette smoke (smoke-exposed) or room air (sham-exposed). During the final week of exposure, the rats were pair-fed a liquid diet containing either 36 or 0% EtOH calories. Polymorphonuclear leukocytes were prerecruited into the rats' lungs by transtracheal injection of lipopolysaccharide. Five hours later, the rats were infected transtracheally with S. pneumoniae, and PMN recruitment, phagocytosis, and bactericidal activity were quantified within their lungs. Chemokine levels were also measured in bronchoalveolar lavage fluids, lung homogenates, and sera. Neither PMN recruitment nor phagocytic uptake of pneumococci was altered by EtOH ingestion or smoke exposure. Killing of the organisms, however, was significantly decreased in sham-exposed, but not smoke-exposed, rats ingesting EtOH. Parallel results were determined for serum cytokine-induced neutrophil chemoattractant-1 (CINC-1), with EtOH ingestion significantly decreasing the levels in sham-exposed, but not smoke-exposed, rats. Pulmonary levels of macrophage inflammatory protein-2 (MIP-2) and CINC-1 were highly elevated by the combination of EtOH and smoke. One week of EtOH ingestion by rats impaired the ability of their PMNs to kill S. pneumoniae within their lungs. This was not due to decreased recruitment of the PMNs to the lungs or to diminished phagocytosis of intrapulmonary pneumococci. The addition of twice-daily cigarette smoke exposure to this short-term EtOH ingestion model restored PMN bactericidal ability to levels observed in the absence of either treatment. These EtOH-induced and smoke-induced alterations in PMN killing may be related to alterations in both pulmonary and systemic inflammatory chemokine levels.